AD

Award Number: W81XWH-07-1-0073

TITLE: Novel Small Molecule Antagonists of the Interaction of the Androgen Receptor
and Transcriptional Co-regulators

PRINCIPAL INVESTIGATOR: Clementine Feau, Ph.D.

CONTRACTING ORGANIZATION: St. Jude Research Children’s Hospital
Memphis, TN 38105

REPORT DATE: January 2008

TYPE OF REPORT: Annual Summary

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy or decision
unless so designated by other documentation.



REPORT DOCUMENTATION PAGE OMB NG oA 0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
31-01-2008 Annual Summary 1 JAN 2007 - 31 DEC 2007
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Novel Small Molecule Antagonists of the Interaction of the Androgen Receptor and

Transcriptional Co-regulators 5b. GRANT NUMBER

W81XWH-07-1-0073

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Clementine Feau, Ph.D.

5e. TASK NUMBER

5f, WORK UNIT NUMBER
Email: clementine.feau@stjude.org

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
NUMBER

St. Jude Research Children’s Hospital
Memphis, TN 38105

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Androgens, mediated by the Androgen Receptor (AR), play a crucial role in prostate cancer. Current treatments include antiandrogens
competing with natural androgens and antagonize AR transcriptional activity. Although widely used, antiandrogens have shown significant
side effects. Regulation of gene expression by AR requires the binding to its natural ligand, dihydrotestosterone (DHT), and assembly of
coregulatory proteins (CoR). The blockage of the interaction between DHT-liganded AR and CoR by small molecules has been shown to
inhibit gene transcription. Targeting this interaction might be a relevant way to regulate prostate cancer proliferation. Preliminary data
revealed that flufenamic acid (FLF) binds to AR and inhibit the recruitment of CoR. We have synthesized a series of FLF analogs, evaluated
their solubility, cell permeability and cytotoxicity profiles. We report the biochemical activity of these compounds towards their ability to block
CoR binding. In cell based assays, we show the bioactivity of these inhibitors at a gene transcription level. Thus, we provide the first class of
small molecules able to inhibit AR transcription activity. Additionally, we optimized an AR scintillation proximity (SPA) competition ligand
binding assay. We showed that this assay can be used to measure ligand affinities for a range of nuclear receptors.

15. SUBJECT TERMS
Androgen receptor, dihydrotestosterone, co-regulators, gene regulation, small molecule inhibitors, high-throughput
screening.

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area
U U U uu 21 code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18




Table of Contents

Page
INEFOTUCTION. .. e e e et e e e e e et et e e e e aee reees 4
BOAY ..o e e ——— 4
Key Research AccomplisShmentS. ... ... e, 16
Reportable OUICOMES. ... ... ittt 17
CONCIUSION. .. et e e e et e e et e e e e e e 18
REIEIBNCES. .. .t 19
PUD T CATIONS .. e e e e e 20
SUPPOIING DALA. .. .ot e e e et e e e e e e 21



Introduction

The Androgen Receptor (AR) is a ligand-dependantsitription factor that belongs to the nuclear looren
receptor superfamily. Once the allosteric site & #ecognizes an androgen (i.e. dihydrotestostefDhRE)), it
undergoes a conformational rearrangement. The t@cédpen becomes active by revealing activationkptsc
on its surface in the ligand-binding domain (LBDat is necessary for the recruitment of coreguwapooteins
(CoR) involved in the gene transcription. After thending of these CoR, a number of accessory and
intermediary proteins (Androgen Response Elemegspciate with the complex allowing reformatting o
chromosomal DNA and regulation of gene transcriptiBecause prostate cancer cell proliferation terof
androgen-dependent, androgen pathway blockagee istdmdard therapy for the treatment of prostateera
However, current antiandrogens, like flutamide @woil), have strong side effects (suppression afomianity,
osteoporosis...). In addition tumors have becometasi suggesting mutations of the receptor.

As CoR recruitment is a critical step for AR-depemidgene transcriptional activation, targeting giie might
be a relevant way to regulate prostate cancerferation. Moreover, this innovative inhibition &gy should
overcome the drawbacks posed by therapies (antigedrresistance, side effects) currently appliegrastate
cancer treatment.

Preliminary data revealed that the non-steroidétiaflammatory drug flufenamic acid (FLF) binds tiee AR
and inhibits the recruitment of CoR. Herein we diescthe development of small molecules, analogfiéd _F,
using biochemical and cellular assays to estald@gkful structure activity relationship (SAR) maeSmall
molecule inhibitors of the interaction between igad AR and CoR represent powerful assets to stuely
mechanism of AR transcriptional function and a mp@tential therapeutic modality for prostate cancer.

Body
Task |. Development of Focused Libraries for Optimizationof AR Co-Regulator Interaction Inhibitors.

Our experimental approach for finding compoundg thad to the AR-LBD and compete with CoR utilized
high throughput screening (HTS) based on a bioctemassay [1, 2]. We screened a highly diversified
collection of about 55,000 drugs using a HTS coitipatassay based on fluorescence polarizationmiqale,
which we developed for monitoring displacement & Box probes from liganded NR-LBD [2, 3]. This very
specific method identified five compounds that kledt fluorescently labeled peptide recruitment atdbrface

of the DHT-liganded AR. This preliminary study wesnfirmed by robust secondary biochemical assags an
provided us flufenamic acid (FLF, Fig. 1A), a ndarsidal anti-inflammatory drug (NSAID), as a hit
compound. Unexpectedly, crystallography studiegatad that FLF is not binding to AF2, a well delsed
transcriptional activation function domain onto tt&D [4, 5]; but is binding at a secondary extersiéd named
BF3 (Figure 1B and 1C)[3]. BF3 is a second ligamduiced hydrophobic cleft at the surface of AR, stéldac
regulator of AF2. Thus, FLF binding in BF3 inducgsuctural rearrangements that are propagated & AF
causing the alteration of AF2 conformation thatssmuently blocks the CoR assembly and gene trgtiscri
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Figure 1. A. Chemical structure of flufenamic acid (FLF), hithgpound identified by fluorescence polarization
HTS assay[3]B. Schematic view of AR LBD showing DHT-bound allastesite (DHT shown in orange stick
models), the location of the CoR active binding $AF2) and the second external binding site (BB&picted

in blue stick models is flufenamic acid bound to3BHhe figure was generated with Pym@l. Crystal
structure of FLF binding to BF3 pocket.

I.1. Drug Design.We designed novelcaffolds based on the structure of flufenamic ,atid relevant NSAID
derivative provided by the HTS campaign. We werke @b build SAR models and correlate the featurfes o
actives compounds to choose scaffolds that accomtadtie consensus features. We based our design on
crystal structure of FLF binding to BF3 at the aod of DHT-liganded AR (Fig. 1C) [3]. Several stural
aspects appeared to be crucial from this studgt,Rine carboxylic group seemed to be requiredsymably
due to interaction with a glycine residue (G724 8) on the periphery of the binding pocket. Secathe
secondary amine moiety appeared to enhance thatwafeif the small molecule via its binding to a lme
residue (P723, 3.4 A). Third, the crystal strucsuséour initial hits revealed that several of theverlap to fill,

in aggregate, the entire binding pocket [3]. Tharse might hypothesize that a higher affinity commbgould

be produced with a “V-shape” scaffold. Finally, kig at the shape of the BF3 hydrophobic exterioakpt,
we could easily envision that the conformationted tompound allowed free-space located aroundeitens
aromatic ring (the first ring is bearing the acithdtion). To explore those hypotheses, we usecreiit
individual compounds and studied a focused library.

The first variation study focused on the acid fiorct To address the importance of the free carboxadid
group, the corresponding methyl esfewas prepared (Scheme 1). Then, in order to ewaltheg potential
binding of the aryl amine to the proline residue, directly replaced the secondary amine eithembgther 8)

or a thioether4) moiety (Scheme 1). Following the same purposeglwagated the spacer function between
the two aromatic rings by introducing an additiomaéthylene group5( and 6) or a carbonyl group7j
(Scheme 1). Several tricyclic analogs of FLF weystlsesized to test if rigid structures would impgathe
fitting to the BF3 pocket (Scheme 2). At the sameetf we explored the potential for more effectivilyng

the binding pocket by addition of moieties to tkeand aromatic ring of the diarylamine. A focusédary was
prepared to give better understanding of what #ubsits are tolerated and how they affect the bipadnode of
the small molecule (Scheme 3).

Study the importance
of the amine moiety

Study the importance of

a free acid carboxylic function Study the influence of the

position of the R substituent

Study the activity of
tricyclic structures

Study the influence of the nature
of the R substituent(s)

Figure 2. Schematic summary of the structural modificatipagormed on flufenamic acid scaffold.
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I.2. Drug Synthesis We then synthesized small non-peptide molecufess aptimizing diverse synthetic
strategies. We adapted synthetic pathways to parefiemistry techniques and purified compounds gusin
automated methods. The methyl e@evas quantitatively obtained by treatment of thenoeercially available
flufenamic acidl with (trimethylsilyl)diazomethane (Scheme 1). Tiker3, the thioethed and the derivative
5 were synthesized using variants of the Ullman tGogpwith copper iodide. Nucleophilic attack of
(trifluoromethyl)aniline either on 2-bromomethyllzenc acid or on the phthalic anhydride gave respelgt
compound$ and7 with high yields.

HO__O
HO_O | TMS-CH-N, MEO~ 20 " C”'/D’,f,f,:c% H\/@\
N CFs MeOH N CFs N CF;
o 47%
Quantitative HoN
1 2 5
Flufenamic acid

HO._O CulCul/K,cos MO0 HO 0 /@\
pyridine MeCN
cl , HO CFs3 o CF, . N cFs
76% T ow H
HoN
3 6
o)
HO.__O Cul/KCO;  HOSO o HO_O
Br CF. DMF s CE AcOEt
SH, 3 3 o N CF3
54% 97% H
H,N CF,
4 7

Scheme 1Variations on the carboxylic and aryl amine fuacs of flufenamic acid.

Tricyclic compound was synthesized according to literature procefijréscheme 2). A Ullman coupling was
performed with 2-chloroanthranilic acid and 3-(trdromethyl)-6-carboxy-aniline to give the diactd By
intramolecular cyclisation under acidic conditiotisg isomerdl0 and11 were obtained in a ratio of 2:3. The
commercially available 4-carboxy-9-acridord®)was also tested.

HO__O HO__O
KoCOs Cul / K,CO3 H
B H,N cF,  DMF Cl, HN _ DMF N CFs
+
Y J@r
NO, HS™ N
HO._O
" H,S0,
CO0 O v O
o) CF; O

12 10 (40%) 11 (60%)

Scheme 2Synthesis of tricyclic FLF derivatives.

Finally a focused library of 45 substituted FLF laiga was obtained in moderate yields (see tabby Xgaction
of the 2-chlorobenzoic acid and either commercialiailable or made-in-house anilines. Commercially
available anthranilic derivative§9-63 were added to this collection of FLF derivatitede tested.

& &@ &

HO.__O 0
Cu/Cu0/ cho3
Cl + HzN AN d|glyme Mefenamlc acid phenyl)anthranlllc acid 2,2- Imlnoben20|c acid
N TR 10-71%

HO. O HO. O

N-(2-amino-4-chlorophenyl)anthranilic acid ~ Tolfenamic acid

Scheme 3General synthesis scheme of FLF analogs andistescof commercially available FLF derivatives.



1.3. Quality Control. Each new compound was submitted to a strict tyualontrol. All structures were
confirmed by nuclear magnetic resonance spectrgs¢epNMR, *C NMR), UV and IR spectroscopy. Purity
of each compound was evaluated by LC-MS.

l.4. Binding Affinities of Coregulator Interaction Inhibitors to the Androgen Receptor.To monitor if small
molecules are able to displace a labeled peptideicking the NR box from the AF2 sitéa binding to the AR
surface, we developed a FP assay [3]. Conceptub#ybinding of a fluorescent molecule to anothetetule
can be quantified by the change in its speed atimot. In the present case, free fluorescent Cqiigeerotates
more rapidly and has a lower FP value than thed&ewvcorresponding to the complex AR-fluoresceptide.
Fluorescently labeled SRC2-3 peptide and DHT ligahd\R-LBD protein were incubated with varying
concentrations of compound for 5 hours. Becausendsured polarization is an average of the freebannd
fluorescent CoR peptide, it can be used to assespatitive displacement from the binding site amégtablish
dose-response curve analysis, and determiggvi@lues. Binding affinities were evaluated for eaoimpound
using a competitive fluorescence polarization aseaiyree independent experiments (table 1). Tinslibg
assay meets the Bland-Altman quality and reprodligileriteria [7] with an overall minimum signifemt ratio

(MSR < 3) of 2.85.

COH
Y | X vield SRC2-3 competition| DHT competition
Cpd R (:% ) (FP assay) (SPA assay)
R

Y 0 m p IC so (M) IC so(uM)
2 NH Methyl ester derivative, see scheme 1] 100 - -
3 0] Ck - -
4 S CR - -
5 NH-CH, CR >500 - -
6 CHx-NH CRh - -
7 CO-NH Ckh - -
8 NH Tricyclic compound see scheme 2 45 - 67 £42
9 NH CFR;, COH >500 - -
10 NH Tricyclic compound see scheme 2 60 - -
11 NH Tricyclic compound see scheme 2 40 - 10+6
12 NH Tricyclic compound see scheme 2 com. - 43 +£10
13 NH cy-Hex 38 46.5+8 44+05
14 NH SPh 11 164 3.0%£0.2
15 NH SPh 21 104 =25 50 £ 18
16 NH di-OPh 23 195 57 £54
17 NH OPh 34 275+5 74+1.1
18 NH OPh 18 41 +20 122 + 97
19 NH OPh 34 48 + 28 -
20 NH Bn 15 17+8 58+14
21 NH Bn 29 56 + 15 101 +87
22 NH Bn 19 54 +13 281 + 249
23 NH Ph 10 33+12 19.4+9.2
24 NH Ph 33 80 24 71+36
25 NH Ph 10 93+25 -
26 NH Ph 19 75+16 -
27 NH tBu 36 64 =20
28 NH tBu 45 123 +37 269 * 232
29 NH OBn 41 30+9
30 NH OBn 71 70 £ 23 87 £ 66
31 NH nHex 10 39+20 4.4+0.7
32 NH O-nHex 24 - 44+12
33 NH OPyridin 33 - 37 £13
34 NH OPyridin 13 - -
35 NH iPr 22 133 +54 -
36 NH iPr 38 235+ 90 -




37 NH iPr 10 110+ 32

38 NH Ck 18 39+13

1 NH Ck com. 102 + 39

39 NH Ch 12 - -

40 NH SCR 10 168 £ 73 41 + 17
41 NH Me Me com. 112 £ 26 130 £118
42 NH Me 33 - -

43 NH Me 33 168 + 73

44 NH Me 31 112 + 26 -

45 NH cy-pentyl 59 102 +19 135+90
46 NH SOPh 10 128 +54 -

47 NH F com. -

48 NH F com. -

49 NH F 12 107 + 30

50 NH H H H com. -

51 NH OMe 21

52 NH OMe 37

53 NH OMe 19

54 NH di-OMe 71

55 NH morpholino 10

56 NH morpholino 25 - -

57 NH NO, 10 - 37+23
58 NH NO, 10 - -

59 NH COH com.

60 NH CN 10

61 NH NH, Cl com. - -

62 NH Me Cl com. - 58 + 20

Table 1L Summary of yields and binding affinities of flaBmic acid derivatives for BF3 site and DHT binding
site (com.: commercially available; - : does notd)i

Task Il. Evaluation and Study of Synthesized Derivatives fo Optimization of AR Co-Regulator
Interaction Inhibitors.

II.1. SAR studies. We studied the ability of each compound to displec-regulators from AR and analyzed
the influence of structural changes of the chemsmaffold on binding affinity using SAR modelingsA
expected, este2 didn't show any affinity for any external bindirsifes (table 1). As a consequence, the free
carboxylic acid moiety is considered as an esdeptient of guaranty to bind the BF3 pocket the G724
residue (figure 1C). Moreover, replacement of then@ group either with an ethed) (or a thioether4) linkage
gave inactive compounds. Addition of a methyleénar{d6) or a carbonyl{) group didn’t improve the affinity
of the starting scaffold. Thus, the diphenylamianection could not be replaced or extended presunci to

a hydrogen bond formed with the proline residue3{@ure 1C). Finally, tricyclic compounds, (10, 11 and
12) weren't able to displace the fluorescent peptrden the AF2 pocket. Tricyclic structures are schf$ to
avoid if one wants to enhance the affinity of snmablecules for the BF3 binding site. After testithgpse
individual FLF analogs, we retained the anthramsii@affold as a main core and studied a small kovath
various substituents R at different positions om $kecond aromatic ring (table 2). The first obdgrmathat
came to us was that substituents indh#o position showed higher Kgvalues compare to those in tneta
position, and even more to those in ffaga positions. A steric effect is induced by groupshieortho position,
independently of their nature, and prevent fromadaquate fitting of the small molecule within thading
site.



R 0 m p n
cyHex + | 2.82
SPh - + | 2.32
OPh + + + | 2.08
Bn + + + | 2.01
Ph ~ ~ + | 1.96
tBu - + | 1.68
OBn ~ + 1.66
nHex +
O-nHex -
OPyridin - -
iPr - - - 1.53
ChK - ~ + | 0.88
SChH -
Me - - - 0.56
SO,Ph - 0.27
F - - - 0.14
H - - - 0.00
OMe - - - | -0.02
Morpholino| - -
NO, - - | -0.57
CN - -0.8

Table 2 Influence of the position of the substituentstitd second aromatic ring on the affinity for the3BF
pocket (+ : 1Go < 60 uM;~: 60 UM < 1Go < 100 puM; - : IGy > 100 uM).

We also noticed that the most active FLF derivatineere the ones that present an additional hydimpho
substituent. This main structural feature of thems@pounds is illustrated by the figure 3.When wakéd at the
potential influence of the electronic effect of théstituentsq value), no correlation was found to improve the
binding of the small molecule to the extern siiguffe 3A). However a good correlation (figure 3850.72)
was found between the hydrophobic character ostistituents, reflected by thevalue, and the 1§. Indeed
the affinity of the analogs increases with theidtophobicity and this relationship is in agreemetth the
general hydrophobic character of the solvent-expd3E3 pocket. In figure 3, onlpara substituents are
plotted, the groups iartho position were removed according to previous eweéeto eliminate the influence of
a steric effect.
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Figure 3. Relationships between electronic effect (A) odimphobicity (B) of thepara substituents on the
second aromatic ring and binding constants measnradP competition assay for FLF analogs.



From this series of analogs we also noticed thagxgansion of the core scaffold is possible. Asciaigd in
table 1, the introduction of a third4-26) and even a fourth six-membered rid®)(didn’t alter the binding to
the external site. Conversely, heteroatom linkatjkes,thiophenoxy 14) or phenoxy groupsl{), were more
tolerated than hydrophobic groups, such as be2dyldr phenyl 23) groups.

Therefore the derivativeb4 and 16 were considered as the two best inhibitors of fbisised library as they
showed the highest ability to compete with the Gueptide in the low micromolar range. Analaysand16

are considered as lead compounds and future steugpiimizations will correlate their features &sayn new
scaffolds. Confirmation of these binding affinitieemains to be done via another biochemical assay
(alpha-screen assay, TR, FRET, TR-FRET...) thatalltlw us to measure more precisely binding constamt
the nanomolar range.

II.1. Secondary Biochemical AssaysBinding affinity for the hormone binding siM/e investigated the FLF
derivatives ability to displace the dihydrotestoste from the ligand binding domain. Indeed, if gmaall
molecule competes with the natural ligand thenilitresult as a false positive in the FP CoR contjpet assay
and a wrong mode of action will be assigned todilugy. Screening a quite large set of small molectéguires

a standardized and automated binding assay. Mamgntiassays use fluorescently labeled ligands tware
significantly different from the native ligand wieas radioactive labeled ligands are consideredoas raliable
probes by their structural similarity with the naiuigand. To our best knowledge only a few pui#id reports
have described a radiometric AR ligand binding yassdh potential application to HTS campaign [8-11]
Historically, biochemical assays have been limiedow throughput due to the lack of necessary arteoof
pure and functional AR protein. Purification of AR complicated due to low solubility, instability ithe
absence of ligand, and problems of aggregation. [M&]st common methods use commercially available
unliganded AR which is very expensive and delidatehandle. For those reasons, we decided to express
Hise-AR-LBD in E. coli and to purify to homogeneity in the presence ofTDl$ing a modified version of
published protocols [13] (see supporting data). Mlempted to develop a robust competition assaygusiir
home-made DHT-liganded ARH-DHT and make it applicable to HTS purposes.

We first chose a radiometric ELISA-like assay usifagsic functionalized beads to capture the-kigged AR
and requiring filtration steps. We rapidly realizddht the filtration steps would be a safety iskaadling
radioactive solutions along a HTS process. Scatiih proximity assay (SPA) technology, charactatiby its
sensitivity, and reliability, and the fact that separation step is required, has become a veryriamo
technique to perform these screens in HTS formiais Tmix-and-read” technique involves a fluorostiant
coated support (beads, plate) that is functiondl{ze. Ni chelate function) to capture one of #ssay partners.
When the radioligand®(-DHT) binds to the trapped protein (H&R-LBD), it is in turn close enough to the
fluoroscintillant coating to allow energy transfE@om [B-particles, resulting in photon emission. In atfirs
attempt, SPA beads were employed to support theTAR.AR on beads solution was dispensed in mictepla
before adding the small molecule in competitionhvitie®H-DHT. We couldn't obtain a satisfying method to
dispense a homogeneous bead solution into eaclagvélresulted in less reproducible measuremeititshigh
standard deviations. Finally, we used commercimiigilable 384 well FlashPlafégrecoated with a Ni-chelate
as a SPA support. We developed an AR competitigantl binding assay using SPA 384 well plates and
liganded AR-LBD protein expressed kn coli. This standardized and highly reproducible assaylwe easily
automated for HTS. The radiolabeled ligand is adalethe very last step to reduce handling of radioa
material and to avoid safety problems. In additmAR we show that this assay can be used to medgand
affinities for different nuclear receptors like theroxisome proliferation activated receptor (PRAB the
thyroid receptor (TR) (manuscript submitted to JB& Reportable Outcomes).

This optimized SPA competition assay allowed usttaly the displacement 3H-DHT by small molecules
present at various concentrations, establish desgense curve analysis, and determing VW@lues (table 1). In
this particular assay, DHT showed a Kd = 61 nM tlh&eneral, FLF analogs didn’t displace DHT ai diith

a negligible binding effect showing dgvalues 100 fold superior to the natural ligandedestingly, the
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n-hexyloxy derivative32 was found to bind to the DHT site at a low micréan@ange whereas no activity was
observed in the SRC2-3 competition assay. The cangp82 was tested with a fluorescent probe in a
commercialized FP assay (PolarScreen Androgen Rec€mmpetitor Assay Kit, Green, Invitrogen) that
confirmed a binding constant of QU + 0.3 for the DHT site. This suggests tB2tcould have the profile of
an AR agonist that could displace DHT without dpgng the recruitment of transcriptional CoR.

Considering the lead compounds, we could noticeliidnad a 20 time tighter binding constaniu{@ + 0.2)
for the DHT binding site thah6 (57 uM + 54) whereas they showed similar affinities floe CoR pocket. One
can imagine that monosubstituted compounds mayefier into the DHT binding site than disubstitutets.
This difference in activity made the derivatit® a more specific inhibitor and we used it as arssfee
compound for the following assays.

II.2. Transcriptional Activation Activity. We are in the process of evaluating the bioactiofythe
synthesized FLF derivatives on AR signaling in el systems. Each compound will be evaluated dagar

its ability to reduce AR transcription activity. fFthat matter we use MDA-kb2 cell line, human btezscer
cells that possess an endogenous human AR and MiMDMuciferase gene construct and elicit an ineréas
luciferase activity in the presence of an androgetf). Luciferase production is detected by its\attivia a
commercially available luminescence assay (Briglit=G Promega). Reading of luminescence of the produced
oxyluciferin reflects the luciferase activity and the transcription activity of the AR. The bestpense was
obtained at a cell density of 300,000 cells/ mLtddaot shown) in 96 well microplates. We studied tlose
response of DHT alone or in the presence of dritgs letting the cells attach during different timperiods and
after different incubation periods in presenceroigdat 37°C (figure 4).

A (z=0.36 B(z=078 C(z=0.78 D(z=0.67
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Figure 4. Dose responses of dihydrotestosterone (DHT) alafjewith compoundl6 at 50uM (e) or with
hydroxyflutamide (OHF) at &M (v). Luminescence activity is read on an EnVision kigtlmer) in 96 well
microplates, at 300 000 cells/mL, at room tempeeatData is normalized from four independent expents.

When we let the cells attach for 15hours, we olesttihiat AR transcription activity in MDA-kb2 is noptimal
after 7 hours of drug exposure (figure 4A). Highnstard deviations over the triplicates are obtaaed z’
value is too low (0.5 < 7' < 1). Cells started ®responsive after drug exposure of 20 hours @d) and the
assay gave robust measurements (z' = 0.78). Wel andady notice that compoutd had an influence on AR
transcription activity. On the other hand, when tielis are let attach for 36h, 7 hours in presesfcdrugs
seemed to be enough to get satisfying dose respdfigere 4C, z’ = 0.78). In the situation 4D, tkiéect of
compound16 is no longer observed. The compound itself maydegraded by this time or the response
attenuated. For practical reasons, the conditid@svdre preferred (15 hours of attachment, 20 hoficgrug
exposure) to conditions 4C (36 hours of attachmé&hgurs of drug exposure).

DHT was also dosed in presence qfM of hydroxyflutamide (OHF), a known competitor @HT [15-17]. In
this case, we could observe a shift ini8uggesting that both DHT and OHF were competimghe same
binding site. Conversely, when DHT and anal@&gre added to the cells, DHT didn’'t seem to beldcgal (no
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shift in 1Csg) but the AR transcription activity is significaptreduced (25%). This indicates that the FLF
derivative has the profile of a partial antagothstt acts through another path than anti-hormakesdHF.

Then we focused our efforts on fixing the DHT oglmoncentration to reach the highest amplitudsigrial
(figure 5A, top value - bottom value) while dosiagtested inhibitor. OHF and compoud@ were dosed
response in the presence of different concentstdiHT (figure 5A). The figure 4B illustrates thariation
of the signal amplitude for dosages of compoliict five different DHT concentrations at four ditéat cell
passages. We could observe that for low (0.3 nMjigin (200 nM) DHT concentrations dose response46o
were almost flat, whereas in a 5-10 nM DHT rangeweee able to obtain workable curves. The plot SBsua
2" order polynomial equation to fit variation poirgseach experiment and allows us to estimate ttiienap
DHT concentration as the maximum of each curveingathe average of the four maxima, the optimizétTD
concentration appeared to be 8 nM (dotted line igaré 5B) and will be fixed for the screening of al
synthesized compounds.
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Figure 5. Optimization of DHT concentration in a luciferagporter transcription assay in MDA-kb®. Dose
responses of compourdd and hydroxyflutamide (OHF) in the presence of @8 DHT. Signal amplitude of
one dose response is calculated from the top arttbrbovalues of the curvesB. Influence of DHT
concentration on the signal amplitude for compowsddosages at different cell passages. Optimal DHT
concentration is obtained on maxima average.

The above optimizations of this transcription assaye performed in 96 well microplates. For HTSpuse,
we tried to adapt those optimized conditions in84 @vell assay format. Unfortunately, our diversierapts
never succeeded to obtain reproducible resultscdv&n’t obtain a satisfying uniformity of signatrass the
microplate according to NIH guidelines [18]. Thenthesized FLF derivatives will then be tested @6awell
format.

Depending on the results of the complete screel ebmpounds regarding their transcription acgivwwe will
study the native transcriptional response in LN@denocarcinoma cell line in presence of potentnddibitors
by using quantitative real time PCR.

Specificity studies.Cross-testing with other nuclear receptots. order to confirm that those transcription
inhibitors were specifically binding to AR and ditimterfere with the activity of other receptomse tested
them towards TR, TRB and PPAR. FP competition assays were conducted using aetgently labeled
peptide based on a similar procedure as descrimedR [2] (see 1.4.). Each compound was incubated a
unique final concentration of 28M (data not shown). None of them were able to displthe CoA peptide
bound to the various tested nuclear receptors.

Additionally, a transcription assay with the MDAZXlzell line, which expresses the glucocorticoideptor
(GR) and contains glucorticoid response elemefitsyed us to check the potential affinity of oumgpounds
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for GR. Figure 6gathers four normalized independent experiments rabdstly illustrates thal6 didn’t
compete with the synthetic GR ligand, medroxyprtgyesne acetate (MPA).
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Figure 6. Dose responses of medroxyprogesterone acetate (slBAg, in presence of compoub@at 50uM
and in presence of hydroxyflutamide (OHF) atuuM. Data shown is normalized from four independent
experiments.

In general, FLF derivatives didn’t show any affynior other nuclear receptors and consequently aepeto be
very specific inhibitors of AR transcription actiyi

We evaluated for each compound its ADMET profilecells by determining the aqueous solubility, the
absorption profile into, and the toxicity profile cells.

11.3. Early Pharmacology characterization. Solubility Evaluation.The solubility of each FLF analog was
determined in PBS buffer containing 5% DMSO, rdfleg the liquid conditions of the FP and SPA assays
This assay was carried out by allowing equilibrisatubility to establish and separating insolubleenal by
filtration following Millipore guidelines [19]. TheJV absorption was measured at 350nm, subtractad fr
background (DMSO) and limit of aqueous solubilitgsrdetermined (figure 7).
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Figure 7. Solubility profiles evaluated by UV absorption foset of flufenamic acid derivatives.

For compoundd4, 17, and19 a plateau in absorption was reached for concémisathigher than 250 uM
meaning that those compounds can easily be sdabilin the assay media up to 250 uM. Overall, the
derivatives were soluble up to 125 puM; consequentbysolubility issues interfered with measuremeftthe
binding affinities.
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11.3. Early Pharmacology characterization. Permeability ProfilesWe measured the permeability of each
synthesized compound and their potential reteniiohe lipid layer using a parallel artificial merabe
permeation assay (PAMPA) [20]. The partition of therivatives between a donor well and acceptor well
separated by a lipid layer was measured by UV-giisor. The assay was carried out at neutral pHaitinid
intravenous conditions. Standards used were VeriigBar 1505.1CF cm/s) as a high permeability standard,
Carbamazepine (& 150.10°cm/s) as a medium permeability standard, and REméti(R = 2.3.10° cm/s) as a
low permeability standard (standards are repreddmyecolored clusters in figure 8A). Although FLRadogs
were highly soluble in buffer, we observed thatyte&hibited medium (188 >.B 50. 10°cm/s) to very poor
(Pe < 50. 10Pcm/s) cell permeability.
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Figure 8. A. Scatter plot of compound retention (%) in thedipayer versus permeability across the cell
membrane measured with a PAMPA assay. A set of oangs is plottedo) as well as standard references
(colored dots)B. Scatter plot of membrane retention versuydrophobic character, of each compound.

As illustrated in figure 8B, the more hydropholie tcompounds were the more they accumulated ihpide
layer (f = 0.897). FLF analogs showed high membrane retemétes but their ability to diffuse across thpadi
layer was very weak. Since those small molecule® laastrong affinity for the cell membrane, we tadjly
expect efficacy constants measured in cell basadsdription assays to be limited by this unfavarabl
permeability factor.

[I.3. Early Pharmacology characterization. Cytotoxicity Finally, we checked the cytotoxicity of all
derivatives in prostate cancer androgen-sensitieéC@P), androgen independent (PC3), liver (HepG2),
lymphocyte (Raji), and kidney (Hek293) cell linén validate our transcription assay, we also tested
library of analogs in MDA-kb2 cell line. Each comymal was incubated at 50 uM (figure 9) and at 1 jaktg
not shown) with cultured cells to determine thd eglbility after 72 hour of drug exposure. The atgixicity
was evaluated by using the Alamar Blue Assay [Biggource / Invitrogen) and reading fluorescencguife 9
gathers all data observed at 50 uM for the vargalidines.
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Figure 9. Cytotoxicity studies in various cell lines afte2 our exposure of each drug at @d. The most
cytotoxic small molecules were assayed in a dosporese manner, kg values are indicated close to the

corresponding point.

Overall the small molecules didn’t show any pattcuytotoxicity at this high concentration indegently of
the nature of the cell line. However, we could obsdhe cytotoxicity of compoundks and38in LNCaP, an
androgen-responsive prostate cancer cell line. éldesivatives were assayed in a dose response mance
ICs0s were calculated. Moreover, we could confirm thaly two compounds were toxic for the MDA-kb2 cell
line and that no major cytotoxic effect could iféee during the transcription assay described above
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Key Research Accomplishments

v

v

Design and synthesis of 80 novel flufenamic aciivdéves

Full structural characterization and quality cohfow each compound
Determination of binding affinities for each compolu

Establishment of SAR models to optimize the stmectf the future scaffolds

Development of a novel HTS SPA ligand binding agsayhe Androgen Receptor and applicable to other

nuclear receptors

v Validation of the specific binding of the flufenatracid derivatives to the external activation sitéhe

Androgen Receptor (no displacement of the natigaht, DHT)

v' Optimization of a transcription assay in MDA-kb2l ¢ee

v

Establishment of a transcription activity profileaolead compoundLg can be considered as a partial

antagonist of CoR recruitment)

v Validation of the specific affinity for the AndrogdReceptor (no affinity found for other nuclearaptors)

v

v

v

Determination of solubility profile in biologic emenment for each compound
Determination of cell permeability and membranemé&bn for each compound

Evaluation of the cytotoxic character of each coomubin diverse cell lines
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Reportable Outcomes

1. Manuscript submitted to JBS
A High-Throughput Competition Ligand Binding Assaythe Androgen Receptor and other Nuclear Reespto
Clémentine Féau, Leggy A. Arnold, Aaron KosinskiddR. Kiplin Guy.

Abstract: Evaluating endocrine activities of environmenthkmicals or screening for new small molecule
inhibitors of nuclear receptor-ligand interactiomsgjuires standardized and automated binding asiégsy
current assays rely on fluorescently labeled ligantich are significantly different from the natikgand. We
describe an androgen receptor (AR) competitionibandcintillation proximity assay using Ni-coate@43well
FlashPlates® and liganded AR-LBD protein. This higreproducible and low cost assay can be easily
automated for HTS. Additionally, we show that tassay can be used to measure ligand affinitiea fange of
nuclear receptors (peroxisome proliferation actdaeceptoy, thyroid recepton andp).

2. Training on Molecular Operating Environment (MOE), Novem!2807, St Jude Children's Research
Hospital

_Overview of the software

_Pharmacophore generation and modeling studies

_Cheminformatics and Quantitative Structure AtyiRelationship

3. Training on DiscoveryGate, September 2007, St Jude ChiklResearch Hospital
_Overview of the software
_Use of the database

4. Poster presentation June 2007, Combinatorial Chemistry Gordon Comieee Cambridge (New
Hampshire, USA)

Small Molecule Inhibitors of the Androgen Receploanscriptional Activity as Novel Targets in Prasta
Cancer Drug Discovery

5. Poster presentation March 2007, Keystone Symposia, Steamboat Sp(@gerado, USA)
Androgen Receptor/ Transcriptional Coregulator haigions as Novel Targets in Prostate Cancer Drug
Discovery

Abstract: Androgens, mediated by the Androgen Receptor (AR) a crucial role in prostate cancer. Current
treatments include antiandrogenic drugs competiiig matural androgens and antagonize the transomgit
activity of the AR. Although widely used, these gsuhave shown significant side effects and in amit
tumors have become resistant suggesting mutaticthe oeceptor.

Regulation of gene expression by AR requires tmglibg to its natural ligand and assembly of a dyimam
multi-protein complex including obligate coregulat@roteins (CoR). The blockage of the interacti@ween
liganded AR and CoR by small molecules has shownhibit gene transcription. These compounds reprea
new class of drugs and might overcome tumor resistauring prostate cancer treatment.

Preliminary data revealed that the non-steroidétiaflammatory drugs, like flufenamic acid, bind AR and
inhibit the recruitment of CoR. Herein we describe development of small molecules, analogs otfiafmic
acid, using biochemical and cellular assays tdbéistacareful structure activity relationship (SARpdels.
Small molecule inhibitors of the interaction betwdiganded AR and CoR represent powerful assessutdy
the mechanism of AR transcriptional function antea potential therapeutic modality for prostatecesin
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Conclusion

During this first year of funding, we were ableteke over the primary results of a HTS campaign
providing a hit compound, flufenamic acid (FLF)t@atial inhibitor of the interactions between tremstional
co-regulators (CoR) and the Androgen Receptor (ANg designed, synthesized and fully characterized
diverse analogs of FLF. We tested their abilitydisplace CoR with a FP competition binding assag an
established SAR models based on these results.ontducled that the carboxylic acid and the amineeties
were crucial for the mode of binding of the moleculo fit the CoR pocket, the small molecules radbe
flexible and may contain up to four aromatic ring$ie addition of hydrophobic substituents to thitiah
scaffold contributed to increase affinity of thengqmound for the external binding site. After thisfiround of
optimization of the FLF scaffold, the novel anala®wed an enhancement of 10 fold in binding dffini
However, this improvement creates a need for uket@lop a more precise biochemical assay thatadlv us
to test the optimized compounds in the nanomolagea

We confirmed the specificity of binding of thoseasneompounds for the AR. We could prove that they
show none affinity for the other members of thelearcreceptor family. And regarding their mode ofi@n,
we observed that they were not binding to the kiglimding site and so could not displace DHT lilke turrent
antiandrogens. Moreover, first results of a trapsion assay showed that our lead compofideduced AR
transcription activity by 25% acting through anatheinding site other than the antiandrogen,
hydroxyflutamide. This behavior in cells confirmée results from both previous competition bindasgays.
We plan to test the transcription activity of amgpld® in LNCaP in the presence of high concentrationBlaf
to confirm whether or not it is DHT competitive. &Bcreen of all compounds on the transcriptionl lmraains
to be done and to be analyzed. Depending on thenglat results, we will eventually start a studynafive
transcriptional response in the LNCaP adenocarcnoetl line in presence of potentials inhibitors using
guantitative real time PCR.

Finally we started to draw the pharmacologicalffigaf each synthesized compound. This family of
molecules isn’t cytotoxic towards the differenttégscell lines, except compourd® which showed selective
toxicity in LNCaP cells. This result confirms onegain the previous promising activity measuredhe t
biochemical assays. This characteristic suggeatghle compounds will have good cell viability iengral and
allow us to test them easily in diverse cell systeithese FLF analogs were found to be highly selutl
biological media but diffused very poorly acrose tellular membrane. Their hydrophobic feature anba
their affinity for the lipidic cell membrane. Asansequence, we expect potency measurements ihasslt
systems to be erroneous due to this limiting fadtoa next round of optimization, we plan to imypeahe cell
permeability of the future compounds along with skaffold extension. Based on the FLF crystal stinecwe
can envision that four-ringed compounds may fibithe BF3 pocket. A systematic SAR of additional
substituents on the third and fourth aromatic rimgk lead us to key structural features that atdreAR
transcriptional inhibitor should bear.
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PUBLICATIONS

=Synthesis of a Coumarin-based Europium Complex for Bioanalyte Labeling

C. Féau, E. Klein, P. Kerth, L. Lebeau, Bioorg Med Chem Lett, 2007, 17 (6), 1499-503.

=Synthesis of Novel Coumarins and Azacoumarins

C. Féau, P. Kerth, L. Lebeau, in preparation for J Org Chem

<A High-Throughput Competition Ligand Binding Assay for the Androgen Receptor and other Nuclear
Receptors

C. Féau, L. A. Arnold, A. Kosinski, R. K. Guy, submitted to JBS

_Synthesis of Small Inhibitors of the Androgen Receptor Transcriptional Activity

C. Féau, L. A. Arnold, A. Kosinski, R. K. Guy, in preparation for Angew Chem Int Ed
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Supporting Data

Expression and Purification of liganded AR Protein

CAR-LBD (Hisg; residues 663-919) was expressedincoli and purified to homogeneity in the presence of
dihydrotestosterone (DHT) using a modified versainpublished protocols [13]. Briefly, (pKBU553) was
transformed into OneShot BL21 Star (DE3) chemicatiynpetent. coli (Invitrogen) and streaked onto a LB
agar + 1 X Carbenicillin (100 ug/ml) plate. A siaglolony from this plate was used to inoculateea smilture
which was then grown up overnight at 37°C in a sigkncubator. The next day 2 L of 2 X LB+1X
Carbenicillin and 10 uM DHT were seeded at 0.1 @D grown at 25 °C with shaking until OD reached 0.6
0.8. Expressiowas induced with 60 uM isopropgtD-thiogalactoside, and left to grow 14-16 h at’C7 Cells
from a 2 L culture were pelleted by spinning for@h at 5000 g. The pelleted cells are then trarsdeinto a
50 mL conical tube, flash frozen in liquid nitrogeand stored at -80 °C. All buffers for the pution were
stored on ice. Purification of the AR-LBD begantbgwing the 50 ml conical tube containing the getecells
on ice. 30 mL of freshly prepared buffer 1 (50 mMisTpH 7.5, 150 mM NaCl, 10 uNDHT, 0.1 mM
phenylmethylsulfonyl fluoride, 10 mg/L Lysozyme,daRoche Complete EDTA free protease inhibitor caitkt
tablet) was added followed by resuspension usisygpiula. Sonication in ice/water was carried o minutes
intervals at 30% amplitude (Branson Digital Somjfiéollowed by a 2 minute break. After six or more
repetitions the suspension was no longer “gooeysbdluble cellular debris was pelleted via ultrag&rgation

(2 x 30 min at 100,000 at 4 °C). To a 50 ml conical tube Talon resin (1per liter cell culture) was add and
washed (2 * 15 ml) with freshly prepared buffersd (mM NaPQ pH 8.0, 300 mM NaCl, 10% glycerol, 0.2
mM TCEP, 0.1 mM PMSF, 2 uM DHT). The washing anatieh steps were carried out by resuspending the
Talon resin in the conical tube, centrifuging it 8 min at 4°C at 5@, and decanting the supernatant. The
protein supernatant was added to Talon resin (46f mlipernatant for each conical tube) and rotgeadly for
overnight at 4 °C. The resin was pelleted by ctrgnng for 5 min followed by washing (5 * 10 ml) tibuffer

3 (50 mM NaPQ@ pH 8.0, 300 mM NaCl, 10% glycerol, 0.2 mM TCEP1 @aM PMSF, 2 uM DHT, 10 mM
imidazole). Additionally, resin was washed (5 * i) with buffer 4 (50 mM NaP©pH 8.0, 300 mM Nacl,
10% glycerol, 0.2 mM TCEP, 0.1 mM PMSF, 2 uM DHT, thM imidazole, 2 mM ATP, 10 mM Mgg)l
Elution was carried out in fractions equal to asléghen bed volume using buffer 5 (50 mM NaR@& 8.0,
300 mM NacCl, 10% glycerol, 0.2 mM TCEP, 0.1 mM PM2FR1M DHT, 250 mM imidazole, 100 mM KCI).
Protein purity (>90 %) was assessed by SDS-PAGEanalytical size exclusion FPLC. Protsdmcentrations
were measured by Bradford and BCA protein assagsally 6-8 mg of protein per liter of cell cultuneere
obtained. Theprotein was dialyzed overnight against buffer 6 (6B HEPES pH 7.2, 150 mM {30,
10% glycerol, 0.2 mM TCEP, 20 uM DHT) and stored8&t °C in buffer 6.
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